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® Automatic random access analyzer. 



® An automated analytical apparatus comprises an 
introduction s ^.tion for receiving a plurality of 
W reagent packages Each package has a plurality of 
g receptacles, at least one of which includes a sample 
liquid to be analyzed, and at least one of which 
Wincludes a liquid reagent for forming a reaction mix- 
j^ture with the sample liquid. A liquid transfer station is 
included for transferring liquid contained in one or 
Omore receptacles of a reagent package into, out of 
Q^or among different receptacles thereof, including the 
lU formation of the reaction mixture. A detector is pro- 
vided for detecting a characteristic of the sample by 
analyzing the reaction mixture contained in one of 



the receptacles of a package. A storage area is 
included within the apparatus for storing a plurality of 
reagent packages. A shuttle system transports in- 
dividual reagent packages in any order and in any 
direction between the introduction area, the liquid 
transfer station, the detector and the storage area. 
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AUTOMATIC RANDOM ACCESS ANALYZER 



BACKGROUND OF THE INVENTION 

L Field of the invention . 

The present invention relates to an automated 
analytical apparatus, and more particularly, con- 
cerns an automatic analyzer for the chemical or 
immunochemical testing of substances on a ran- 
dom access basis. 



2i Description gf the Prior Art . 

There are many known and available analyzers 
for the chemical, immunochemical and/or biological 
testing of samples. In many instances, chemical 
tests are performed on biological fluids such as 
urine, blood serum, plasma, cerebrospinal fluid and 
the like. A sample of this fluid Is typically combined 
with a prepared reagent liquid, and the resulting 
mixture, or subsequent mixtures, is analyzed by 
the apparatus for one or more characteristics of the 
sample. Reliance on automated clinical or chemical 
analyzers improves the efficiency of the laboratory 
procedures inasmuch as the technician typically 
has fewer tasks to perfonn than might be required 
if manual analysis were conducted. Moreover, auto- 
mated clinical analyzers usually provide results 
much more rapidly, while also placing emphasis on 
accuracy and repeatability of the various tests. 

A typical automated clinical analyzer available 
for many routine laboratory tests includes a trans- 
port or conveyor system designed to transport con- 
tainers of sample liquids between various operating 
stations. Known conveyor systems or tracks travel 
in a circuit so that the containers with the sample 
liquids pass through the operating stations In se- 
quential order. Thus, the sample liquid may pass 
through a reagent filling station, mixing station, 
reaction fonming station, detection and analysis sta- 
tion, etc. One such automated clinical analyzer is 
described in U.S. Patent No. 4,066.412. assigned to 
DuPont. In the DuPont system, however, the con- 
veyor transports test packs for analysis In one 
direction only wherein the test packs, once inserted 
into the apparatus, must pass through without sub- 
sequent access before analysis occurs. In this re- 
gard, there is limited or minimal flexibility in the 
types of chemical tests which can be performed on 
an automated analyzer which relies on a 
sequential-station transport system. 



In performing tests on various liquids, such as 
the biological liquids mentioned above, it is often 
desirable to test these samples after one or more 
reaction mixtures have taken place. For example, 
5 many automated analyzers rely on light or radiant 
energy to obtain information about the characteris- 
tics of the sample under analysis. Fluorescence, 
light scatter, absorption and other light-related pa- 
rameters are detected and assessed with respect 
70 to the constituents of the sample under analysis. 
To place the sample In proper condition for such 
analysis, for example, surface preparation of cells 
to be immunofluorescently labeled, one or more 
reaction mixtures in reaction vessels might be nec- 
15 essary. Moreover, time may be required between 
different reaction mixtures so that sufficient incuba- 
tion may occur for adequate preparation. For this 
type of testing in an automated analyzer, access to 
the sample liquid may be required a number of 

20 times after the sample has been placed into the 
apparatus. Thus, instead of loading the sample into 
the apparatus and obtaining sequential testing, 
such as in the apparatus described above, a stor- 
age vehicle might be required so that subsequent 

25 access to the sample liquid may be available. Such 
an instrument for access to the sample liquid or for 
subsequent reaction mixtures is sometime referred 
to as a random access analyzer. One such random 
access analyzer presently available is known as the 

30 TDX analyzer, sold by Abbott Laboratories. Chi- 
cago. Illinois. Random access analyzers also pro=- 
cess different kinds of assays in any order. 

Another feature which is common to presently 
available sequential and random access analyzers 

35 is the inclusion of the various reagents within the 
apparatus itself or placed near the apparatus for 
piping thereinto. Liquid reagents, in bulk form, are 
selected for the various types of tests which are to 
be performed on the sample liquids, and are stored 

40 in or near the apparatus. Reagent delivery units, 
such as pumps or the like, along with valves, 
control mechanisms and pipes are included in 
these automated analyzers so that different 
reagents may be mixed according to the type of 

45 test to be performed. A typical automated analyzer 
which includes the storage of bulk reagents is 
described In U.S. Patent No. 4,483,927. Of course, 
as bulk reagents are stored or associated with the 
automated analyzer by pipes and pumping, the 

50 apparatus becomes more complex, particularly with 
respect to operation, maintenance and cost. Fur- 
thermore, the possibilities of en^or and miscalcula- 
tion are increased due to the many and different 
reagents immediately available for forming different 
reaction mixtures in a single test. 
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The goal of automated random access analysis 
of samples, combined with an apparatus construct- 
ed in uncomplicated fashion, along with simplifica- 
tion of operator interface, still remains in the field of 
automated chemical analyzers. Previously de- 
scribed analyzers, and others which are presently 
known and available, have not completely satisfied 
the aforementioned goal. Even those automated 
analyzers which provide random access are still 
rather cumbersome or complicated, or include the 
storage of bulk reagents and attendant piping and 
valves for the different mixtures of liquids. The 
present invention is directed to achieving the goals 
set forth above. 



SUMMARY OF THE INVENTION 

The automated analytical apparatus of the 
present invention comprises means for receiving a 
plurality of reagent packages. Each package has a 
plurality of receptacles, at least one of which in- 
cludes a sample liquid to be analyzed and at least 
one of which includes a liquid reagent for forming a 
reaction mixture with the sample liquid. Means are 
provided for transferring liquid contained in one or 
more receptacles of a reagent package to a dif- 
ferent receptacle thereof, including the formation of 
the reaction mixture. Detector means are included 
for detecting a characteristic of the sample by 
analyzing the reaction mixture contained in one of 
the receptacles of a package. A plurality of reagent 
packages may be stored in storing means asso- 
ciated with the apparatus. Means are included for 
transporting individual reagent packages in any or- 
der and in any direction between the means for 
receiving, the means for transferring liquid, the 
detector means and the means for storing. 

One embodiment of this aspect of the invention 
as described above further includes control means 
for regulating the order and direction of transport of 
individual reagent packages and for transferring the 
liquids from the receptacles of any one package to 
form the reaction mixture. Part of the control 
means includes a computer program into which 
infonnation regarding the transportation of pack- 
ages and the transfer of liquids is storable, retriev- 
able, usable and/or changeable for analysis of the 
sample. 

In a preferred embodiment of the present in- 
vention, an automated apparatus for analysis of 
samples comprises an introduction station for the 
placement of a rack containing a plurality of 
reagent packages. Each package has a plurality of 
receptacles at least one of which includes a sample 
liquid, and at least one of which includes a liquid 
reagent for forming a reaction mixture with the 
sample liquid. At a liquid transfer station liquid 



originally contained in one or more receptacles of a 
reagent package is transfen-ed into, out of or 
among the different receptacles of the one reagent 
package so that the reaction mixture is formed. An 
5 incubation storage area is available for holding a 
plurality of reagent packages which have passed 
through the liquid transfer station. A shuttle system 
moves the rack so that each package therein is 
positionable adjacent the liquid transfer station. The 
10 shuttle system also removes one of the packages 
. at a time from the rack and moves it into the 
transfer station and then into the incubation storage 
area. The shuttle system is further operable to 
move single packages from the storage area into 
IS the liquid transfer station and back into the rack In 
the introduction station. A detector, adjacent the 
storage area, is provided for analyzing the reaction 
mixture contained in one of the receptacles of any 
of the packages for determining one or more char- 

20 acteristics of the sample. 

In accordance with the principles of the present 
invention, an automatic analyzer Is provided for 
performing tests on samples. The apparatus of the 
present invention may be used for chemical, im- 

25 munochemical, biological, and other analyses 
which lend themselves to automated procedures. 
Characteristics of the sample to be analyzed-may 
be determined by a variety~of different techniques, 
''^^i^ioSlIP^^o^ "iTephelometry, spec- 

30 trophgtpmMrylZIliE 

bioluminescence, radionnetry, enzyme analysis and 
the like. Inasmuch as the present invention is a 
random access automated analyzer, various sam- 
ples may be tested irrespective of the sequence 

35 that those samples are introduced into the appara- 
tus. Not only is the present apparatus more flexible 
in the type of tests which may be performed, but 
controls and computer programs are included 
which facilitate the random handling of the different 

40 operations of which the apparatus is capable. Auto- 
mated control over the random handling of the 
various samples further simplifies the operator in- 
terface and reduces the activities of the technician 
responsible for conducting the tests. 

45 Further, the apparatus of the present invention 

does not rely on the inclusion of bulk reagents for 
mixing various liquids for analysis It is contem- 
plated that the present invention will be used with a 
reagent package having on or more reagents pre- 

50 packaged therein. Different reagent packages will 
be previously prepared and available depending 
upon the type and nature of the analyses to be 
performed. In this regard, the apparatus of the 
present invention is expected to do nothing more 

55 than transfer specimen liquids to be sampled and 
previously-packaged reagent liquids among the dif- 
ferent receptacles which form part of the unitized 
reagent package. The only bulk fluid which is ex- 
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pected to be included in the present apparatus is a 
rinsing reagent for cleaning and rinsing the liquid 
transfer elements which come in contact with the 
different liquids. Once again, as described above, 
operator interface is minimized since the present 
apparatus lends itself to computer programming. 
The transfer of liquids into, out of or among the 
different receptacles of a reagent package is per- 
formed automatically and in accordance with var- 
ious assay templates, also covered by computer 
programming. By relying on pre-packaged 
; ^tgflQQ^g^tOjd^ampi^^ th6 pre^ ^ nf 

^..A- I J^J^*!'^^® apparatuses which rely on bulk 

' ''Qsgent^ 

©^^^''Tates P^Pjng. valves and control^ mechanisms 
inooirporafea^ whidTutilizeliw 
resigents. Complexities are therefore reduced, sim- 
plification is achieved, and costs are contained. In 
the operation of the present apparatus, simplifica- 
tion of construction and operation contributes to 
minimizing machine as well as operator errors, 
thereby improving the accuracy of the tests to be 
conducted. Other advantages and desirable fea- 
tures of the present invention will become apparent 
upon reading the detailed description which fol- 
lows. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, I is a top plan view schematically illus- 
trating the major operative components of the pre- 
fenred automatic random access analyzer of the 
present invention with the reagent package rack in 
position: 

Rg. 2 is an enlarged perspective view of one 
configuration of a rack suitable for use with the 
present automatic random access analyzer, illus- 
trating one embodiment of a reagent package with 
a plurality of receptacles and containing at least 
one pre-packaged liquid reagent; 

Fig- 3 is a front elevational view - 
schematically illustrating the shuttle system for in- 
crementally moving the rack for positioning individ- 
ual reagent packages at the liquid transfer station; 

Fig, 4 is a side elevational view - 
schematically illustrating the shuttle system for 
transporting a reagent package from the rack to the 
liquid transfer station and further schematically il- 
lustrating the elements of the liquid transfer station 
and bar-code scanner; 

Fig. 5 is an end view of the reagent package 
as it appears in fixed position within the liquid 
transfer station: 

Fig. 6 is a block diagram of the assay for- 
matting computer program for regulating the ac- 
tions to be performed in the analyzer; and 
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Fig. 7 is a flow chart of the scheduler com- 
puter program for determining the sequence that 
reagent packages pass to or through the different 
operating stations within the present automatic ran- 
5 dom access analyzer. 



DETAILED DESCRIPTION 

While this Invention is satisfied by embodi- 
ments in many different forms, there is shown in 
the drawings and will herein be descrit>ed in detail 
a preferred embodiment of the invention, with the 
understanding that the present disclosure is to be 
15 considered as exemplary of the principles of the 
invention and is not Intended to limit the invention 
to the embodiment illustrated. The scope of the 
invention will be measured by the appended claims 
and their equivalents. 
20 Adverting to the drawings, and Rg. I in particu- 

lar, there is illustrated a schematic representation 
of the preferred embodiment of the automatic ran- 
dom access analyzer 10 of the present invention. 
Enclosing analyzer 10 is a cabinet 12 which holds 
25 the major components as illustrated in Rg. I. These 
major components of the preferred automatic ran- 
dom access analyzer of the present invention are 
as follows: an introduction station 14. a shuttle sys- 
tem 15. a liquid transfer sta tion 16. an in cubation 
^ storage area l8^^ a_detec1|o^ lo'^anrij^ 
?!£55l?!H^.20JoL^^^^ 

as will be described below. A fan 21 is typically 
included within cabinet 12 for cooling purposes and 
to permit the components to operate more effl- 
35 ciently. 

Introduction station 14 and a rack 22 for holding 
a plurality of reagent packages 24 are illustrated in 
Rgs. 1-3. As mentioned above, the present inven- 
tion does not contemplate storing reagents for the 
40 reaction mixtures in bulk containers within the ap- 
paratus. Instead, pre-packaged reagents are to be 
provided for analysis in one or more reagent pack- 
ages 24. In order to present these reagent pack- 
ages to the apparatus for subsequent analysis, 
4S introduction station 14 is designed to accept the 
placement of elongate rack 22 therein. As seen 
particularly in Rg. 2. rack 22 includes a base 25 
and a top plate 26. A series of slots 28 is formed in 
rack 22, with the slots aligned in substantially par- 
se ailel an-angement along the longitudinal axis of rack 
22. Each slot preferably has an open end 29 and a 
closed end 30 for facilitating the proper positioning 
of reagent package 24 therein. While sixteen slots 
are illustrated in the embodiment of Rg. 2. it is 
55 understood that the number of slots 28 may vary 
according to many factors, including available 
space, number of reagent packages being utilized, 
type of tests to be performed, etc. 
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Each reag§nt^^ackage^2£^^^^ a substan- 

tially plamr^ upper strip 35 and a pturati^'orr^ 
and 427 these recepTacTeTare 

preferabi7a|gn^ 

receptacles, in a unitary package.jriay be slid or 
droppeT into ^^^^^^^ 28.^ Strip 35 ofThe 7eagent 
package rests over the slot on top of plate rrTe^ 

in the rack. A square or rectangular wail 44 is 
preferably" included at the end of reagent package 
24 near end receptacle 42. Wall 44 serves as a 
keying feature so that receptacle 36 must be posi- 
tioned within slot 28 so that it lies adjacent closed 
end 30. If the re agent package is inserted in the 
sloMn the reverse orientation, howeverTTh^^ bar- 
code^scanner (as described hereinafter) would sig- 

For purposes of the present apparatus, recep- 
tacle 36 is expected to hold the final reaction 
mixture for analysis, so that its position in the rack 
is important as the reagent package is transported 
from station to station within the apparatus. On the 
other hand, receptacle 42 is expected to be the 
container into which the sample to be analyzed is 
originally placed. To that end, receptacle 42 is 
preferably left uncovered so that a sample liquid 
may be introduced through opening 45 into recep- 
tacle 42. The remaining receptacles are preferably 
covered and sealed*lns5faf 'as™om' dr mb the 
receptacles may lriclucie a pre-packaged^ liquid 
re^gent-thgmrnz^ the 
cover for the remaining receptacles is a thin pro- 
tective sheet 46 sealed over the open ends of the 
receptacles, except receptacle 42. Sheet 46 is fab- 
ricated so as to be readily pierceable by a sharp 
instrument, as will be described below. In addition, 
sheet46jncTu^^ 

thejreagent^acl^^^ , 
expiratio^^ serial number, or other 

!Ql?!lfB§tion. In the preferaBe'^foFrn7 tW'm 
on cover 46 is inJJie fqnm of a bar-code whicfa,.may 
be read electrg::QF^ obtaining the informa- 

tion thereon. The details of reagent package 24 are 
more completely described in a copending, com- 
monly assigned patent application entitled. ''A Self- 
Contained Reagent Package Device for an Assay," 
Serial Number 740.593, filed on June 3. 1985. 

Introduction station 14 preferably includes a 
platform 50 or the like for holding elongate rack 22, 
This platform is preferably placed at the front or 
forward part of cabinet 12 so that the rack loaded 
with reagent packages may be readily positioned in 
the apparatus by the laboratory technician. Plat- 
form 50 should be long enough to accommodate 
the movement of the rack from one side of the 
cabinet to the other so that each reagent package 
passes a position adjacent liquid transfer station 16. 



Rack 22 is translationally moved in incremental 
steps in front of liquid transfer station 16 by means 
of shuttle system 15. Shuttle system 15 includes a 
drive mechanism or a conveyer represented by 
5 wheels 51 and 52 as seen in Rg. 3. Associated with 
these driving wheels are pins or tabs 54 and 55 
which facilitate the incremental movement of rack 
22 translationally across the introduction station. 
Driving mechanisms 51 and 52 may move pins 
70 54 and 55 in either direction so that rack 22 and its 
reagent packages 24 may be presented to liquid 
transfer station 16 in any order. Various position 
detectors may be included on shuttle system 15 to 
assure proper positioning of the rack and the 
75 reagent packages. SImilariy. after analysis has 
been performed by the present apparatus, reagent 
packages 24 may be returned to the available slots 
in rack 22 merely by movement of the rack along 
the introduction platform to accept the used 
20 reagent packages. 

Refen-ing now to Rg. 4, taken in conjunction 
with Figs. I and 5, shuttle system 15 includes an- 
other drive mechanism for removing one of the 
reagent packages at a time from the rack and 
25 transporting it to liquid transfer station 16. To this 
end, a guide rail 58 is positioned so that it extends 
substantially perpendicular to the longitudinal axis 
of rack 24, and substantially parallel to slots 28 
within the rack. Guide rail 58 includes a track 59 
30 which is sized and shaped to accommodate strip 
member 35 of reagent package 24. One or more 
sliding tabs 60 are associated with track 59 and are 
movable therealong. Movable tabs 60 are adapted 
to engage strip member 35 of a reagent package 
35 positioned in a slot 28 of rack 22. Movement of 
tabs 60, and engagement with strip member 35, 
causes the reagent package to slide from the slot 
of the rack along track 59 until the reagent package 
enters liquid transfer station 16. It can be seen in 
40 Rg. 4 that guide rail 58 extends between rack 22 
and the incubation storage area, represented by 
carousel 18. The shuttle system for transporting the 
reagent package is designed so that the reagent 
package may move in either direction between 
^5 rack 22 and carousel 18, and also move back and 
forth within the liquid transfer station to different 
positions therein for access to the various recepta- 
cles of the reagent package. 

Although not sh wn in Rg. 4 so as not to 
50 obscure the details thereof, liquid transfer station 16 
includes a feature which is intended to fix the 
reagent package in position while in the liquid 
transfer station. As seen in Rg. 5, reagent package 
24 is sandwiched between guide rail 58 and a 
55 resilient wall 62. This resilient wall may be in the 
form of a leaf spring or the like sufficient to impart 
an inwardly directed force against strip member 35 
of the reagent package. Wall 62, however, is also 
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sufficiently resilient so that the reagent package 
may slide along track between guide rail 58 and 
wall 62, Once the reagent package stops at the 
liquid transfer station, wall 62, engaged against 
strip member 35, provides sufficient gripping action 
to maintain the position of the reagent package to 
prevent It from inadvertent sliding or movement. It 
is appreciated that techniques other than the 
spring-biased wall, as described in conjunction with 
Rg. 5, may be utilized for holding the reagent 
package in position to achieve the intended results. 

Rg. 4 also illustrates the presence of a scan- 
ning device 65 which is positioned above the path 
that reagent package 24 slides along guide rail 58, 
/ Scanning device 65 is preferably an electrically 
/ operated bar-code scanner for reading the bar- 
/ code label as part of cover 46 of reagent package 
I 24. Thus, as the reagent package is transported 
i from rack 22 into liquid transfer station 16, the 
I reagent package passes under bar-code scanner 
I 65 and the information, as described above, con- 
? tained on the bar-code label is electro-opticaily 
i read thereby. Accordingly, all of the information 
contained on the reagent package label is elec- 
trically stored in the electronics 20 of the present 
random access analyzer. The position of bar-code 
scanner 65 between rack 22 and liquid transfer 
j station 16 tacjlitates,.jhfi„.., obtain^ 
I inlonTjatlon regarding a J^eagent ^pa^kage^ to 
^^disturbing fhe protective cover sealed on top of 
*eacti reagentpacka 

In the normal analysis of sample liquids, it is 
preferred to group the various reagent packages 
into one or more sets. For example, the reagent 
packages may be grouped into caiibrant singlets, 
calibrant duplicates, control singlets, control du- 
plicates, unknown singlets and unknown duplicates, 
^i!? t)ar-CQde label 46 on each reagent package 
24^ may provide full identlficatiori of the reagent 
pacK^FS^ the bar-code 

labels normally do not specify the set into which a 
specific reagent package should be grouped. Ac- 
cordingly, instead of a reagent package containing 
liquid reagents and samples for analysis, rack 22 
may include one or more marker packages which 
resemble a reagent package and are treated no 
differently by shuttle system 15 and bar-code scan- 
ner 65. Each marker package typically includes 
both machine-readable bar-code and human-reada- 
ble information to specify reagent package sets, 
such as listed above. 

For each set of reagent packages, there may 
be a specific marker package. When such markers 
are used, the laboratory technician normally places 
a marker package in a slot 28 of rack 22. followed 
by the reagent packages for that set. If more sets 
are to be placed in the rack, the technician sepa- 
rates the sets with appropriate marker packages. 
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An empty slot or "end of set" marker package 
indicates that an "unknown" set follows. A marker 
package label read by bar-code scanner 65 informs 
electronics 20 that the current set has ended and a 
5 new set is ready for processing. If the first slot at 
the end of rack 22 does not contain a marker 
package, then, by default, the first set in the rack is 
classified as an "unknown." In the normal mode for 
the present invention, rack 22 is processed from 
10 right to left, as viewed in Rg, 1. With maricer pack- 
ages placed In rack 22, the technician merely 
places rack 22 into introduction station 14, des- 
ignates nonmai or stat (immediate) processing, and 
the apparatus automatically commences the tests 
IS to be performed on the designated sets. Additional 
samples and marker packages may subsequently 
be added to available slots in the rack already 
placed in the instrument. 

Liquid transfer station 16 includes a number of 
20 operative elements. These operative elements, a 
liquid transfer tube 68, a pointed punch 70 and a 
waste tube 72, are positioned above reagent pack- 
age 24 and are preferably, but not necessarily, 
aligned in the arrangement as seen in Rg. 4. 
25 Insofar as reagent package 24 is movable, in either 
direction, along the guide rail within the liquid 
transfer station, the orientation of tubes 68 and 72 
and punch 70 is normally not critical, and is left to 
the choice of the equipment manufacturer. How- 
30 ever, some embodiments speed operation and en- 
hance throughput. 

As described above, all of the receptacles, 
except receptacle 42. of reagent package 24 are 
preferably covered by thin protective sheet 46. 
35 Receptacle 42 is normally left open so that the 
sample liquid may be introduced therein prior to 
loading the reagent package into the rack. One or 
more of the remaining covered receptacles of the 
reagent package may have liquid reagent therein. 
40 In order to gain access to the receptacles, punch 
70 is operative to move rapidly downwardly to 
pierce cover 46 and expose the top openings of 
the receptacles. As will be described more com- 
pletely hereinafter, the bar-code information on the 
45 reagent packages and the marker packages inform 
electronics 20 of the nature of the processing to be 
performed; accordingly, punch 70 is controlled by 
the electronics to punch through the openings of 
only those receptacles which need to be utilized for 
50 the specific assay to be performed. It is appre- 
ciated that reagent package 24 is programmed 
through the electronics to incrementally move, in 
either direction, so that any one of the receptacles 
is positioned under punch 70 so that the protective 
55 cover may be appropriately pierced. A sharp point 
74 at the distal end of punch 70 facilitates this 
piercing action. 
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Once the open ends of the receptacles of 
reagent package 24 are exposed by means of 
punch 70, liquid is transferred into, out of or among 
the different receptacles of the regent package. 
Such liquid transfer is achieved by virtue of liquid 
transfer tube 68 associated with a dual-action 
pump 76. In one mode, pump 76 aspirates liquid 
from one or more of the receptacles of the reagent 
package. Liquid is withdrawn from any one or more 
of the receptacles through hollow tube 68, the 
lumen of which is in fluid communication with a 
reservoir 78. This reservoir is in the fluid path 
between tube 68 and pump 76 for the temporary 
storage of liquid aspirated from one or more of the 
receptacles. Insofar as reaction mixtures, including 
the reagent liquids, are preferably heated to an 
elevated temperature in incubation storage area I8» 
it is preferred to pre-heat the various liquids which 
form the liquid reaction mixtures. To this end, a 
heater 79 is provided to heat the liquid contents of 
its reservoir to an elevated temperature. For exam- 
ple, the small amounts of liquids ' which are as- 
pirated into reservoir 78 may be rapidly heated to a 
suitable temperature, e.g., 37* C. 

In the second mode of dual-action pump 76, 
liquid contained in reservoir 78 is pumped out of 
the reservoir and delivered into one or more recep- 
tacles of reagent package 24. This transfer of liq- 
uids from reservoir 78 into the different receptacles 
facilitates the mixing of the sample liquid and any 
iiquijd reagents originally Included in one or more 
receptacles of the reagent package to thereby form 
one or more reaction mixtures for subsequent ana- 
lysis. 

In similar fashion as the movement of punch 
70. tube 68 is operative to move up and down so 
that it travels into and out of any one of the 
receptacles of the reagent package. Electronics 20 
are pre-programmed to regulate the movement of 
liquid transfer tube 68 depending upon the test 
information set forth on the bar-code labels and 
marker packages. An element which aids in the 
regulation of volume control may be a liquid level 
sensor 80 located at or near the distal end of liquid 
transfer tube 68. When tube 68 moves downwardly 
into one of the receptacles, sensor 80 is capable of 
detecting the upper level of liquid therein. Not only 
does sensor 80 contribute to precision in withdraw- 
ing and delivering liquids Into or out of a recepta- 
cle, but this sensor helps to minimize the penetra- 
tion of the distal end of tube 68 into the liquid. A 
minimal distance of travel of tube 68 into the liquid 
means that subsequent rinsing or cleaning of that 
tube will be easier. Also, control of the penetration 
of tube 68 into the liquid contributes to minimizing 
cross-contamination between the various recepta- 
cles into which tube 68 travels- 
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Rinsing liquid for cleansing reservoir 78, tube 
68 and associated components, is included in a 
container 81. Rinsing reagent is pumped out of 
container 81 by virtue of pump 76 so that the 
5 rinsing liquid is available to cleanse the aforemen- 
tioned elements, as well as one or more of the 
receptacles, if so desired. 

Further included In liquid transfer station 16 Is a 
second pump 82 which is operative to withdraw 
70 waste liquid from one or more of the receptacles of 
a reagent package. Hollow tube 72 has its lumen in 
fluid communication with withdrawal pump 82. 
Similar to tube 68, hollow tube 72 is pre-pro- 
grammed to move downwardly into one or more of 
75 the receptacles for withdrawing waste liquids out of 
those receptacles and delivering the waste to a 
waste container 84. A liquid level sensor 85 may, if 
desired, be provided at the distal end of tube 72 for 
detecting the upper level of liquid in any one of the 
20 receptacles from which waste is to be withdrawn. 

An example of the operative steps within the 
liquid transfer station with respect to a single 
reagent package will now be provided to assist In 
the understanding of the present invention. A 
25 reagent package, such as illustrated in Fig. 2, has a 
liquid specimen to be assayed deposited in empty 
receptacle 42 through open end 45. Assuming that 
blood serum is to be assayed for a detennination 
of trace amounts of proteins, hormones, drugs or 
30 the like, the prepared serum is deposited into re- 
ceptacle 42, and the reagent package positioned in 
the appropriate slot of the rack. Reagent package 
24 is transported from rack 22 into liquid transfer 
station 16 and, within the liquid transfer station, the 
35 reagent package is incrementally stepped so that 
punch 70 pierces protective cover 46 and exposes 
the open ends of receptacles 36,38,39,40 and 41, 
just before use. By virtue of the pre-programming, 
reagent package 24 is stepped so that receptacle 
40 40. with diluent therein, comes directly under tube 
68. A measured amount of the diluent is withdrawn 
from receptacle 40 by the action of pump 76. This 
measured amount of diluent is temporarily stored 
in reservoir 78. Next, the reagent package is in- 
45 crementally moved so that receptacle 42 is posi- 
tioned under tube 68. Prepared serum is withdrawn 
from receptacle 42, and the serum is also tem- 
porarily maintained within reservoir 78, where it 
may be heatec Receptacle 39, left empty in the 
50 original package, is then positioned so that it is 
directly under tube 68. The measured amount of 
serum and the diluent within reservoir are then 
pumped into empty receptacle 39. The reagent 
package is subsequently incremented so that re- 
55 ceptacle 41 is positioned under tube 68. A tracer 
material is then withdrawn from receptacle 41 into 
reservoir 78. Next, a measured amount of the dilut- 
ed specimen is withdrawn from receptacle 39 
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through tube 68 into reservoir 78. Receptacle 38 is 
then positioned under tube 68. whereupon the 
diluted specimen and tracer material from reservoir 
78 are pumped into receptacle 38. There, the trac- 
er material reacts with one or more components of 
the diluted serum. Radioactive, fluorescent and the 
like materials are typically used as tracers. 

At this time an incubation step may be neces- 
sary to allow sufficient time for the tracer material 
to react with the components of the diluted serum. 
The reagent package with the reaction mixture as 
described above is then transported out of liquid 
transfer station 16 into incubation storage area^ pref- 
erably represented by carousel 18. Guide rail 58 
and track 59 extend to carousel 18 so that reagent 
package 24 may be deposited into one of the 
radially extending slots 90 therein. Slots 90 are 
similar in size and shape to slots 28 of rack 22, so 
that a reagent package may be maintained therein, 
and freely slide in and out when the need for 
transportation arises. It can be seen particularly by 
refen'ing to Rg. I that reagent package 24 is posi- 
tioned within slot 90 so that receptacle 42 is at the 
innermost position, whereas receptacle 36 is at the 
outenrnost position. It is in receptacle 36 that the 
reaction mixture is to be analyzed by detector 
assembly 19. 

Carousel 18 is rotatable about a shaft 91 in both 
clockwise and counterclockwise directions. In this 
regard, each slot 90 is positionable with respect to 
guide rail 58 so that reagent packages may be 
randomly deposited into carousel 18 or randomly 
withdrawn therefrom for transportation into or 
through liquid transfer station 16. Although carousel 
18 is illustrated in Rg, I as having an equal number 
of slots 90 as the number of slots 28 in rack 22, 
the numbers of respective slots may. however, 
differ. For instance, in one embodiment of the 
present invention, carousel 18 may contain at least 
twice the number of slots as there are slots in rack 
22 for holding reagent packages. This number of 
slots in carousel 18 facilitates the handling of more 
than one rack at a time. One of these slots may be 
used as a detector calibrator slot- 
It is the purpose of carousel 18 to store reagent 
packages which need to undergo incubation of the 
different reaction mixtures. Due to the complete 
random transportation into and out of carousel 18. 
different reagent packages may be incubated for 
different times. Accordingly, reagent packages 
need not, and most frequently are not. positioned 
in the carousel for sequential movement before 
detector assembly 19 for analysis. Positioning of the 
reagent packages before the detector assembly is 
also done on a random basis according to a pre- 
programmed schedule, the details of which will be 
described hereinafter. 
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Heating of the reagent packages within car- 
ousel 18 is preferably achieved by virtue of a 
temperature-controlled environment surrounding 
the carousel. Preferably, but not shown in the draw- 
5 ings, a separate compartment may be provided 
around carousel 18 with an air bath for maintaining 
temperature within the compartment at a relatively 
constant temperature. 

Returning now to the example set forth above. 
70 the reagent package was transported into carousel 
18 with a reaction mixture within receptacle 38. 
After sufficient incubation time in the carousel, the 
carousel is pre-programmed to rotate so that the 
slot containing this particular reagent package is 
rs aligned with the shuttle system. Reagent package 
24 is then moved back into liquid transfer station 16 
so that receptacle 38 is positioned under tube 68. 
A measured amount of the reacted mixture in re- 
ceptacle 38 is withdrawn and temporarily stored in 
20 rBSQtyoir 78. Reagent package 24 is then incre- 
mented so that receptacle 36 is under tube 68. The 
measured amount of the reacted mixture temporar- 
ily held In reservoir 78 is then pumped into recep- 
tacle 36. A further reaction may take place in 
25 receptacle 36 or the previously reacted mixture 
may remain the same. Reagerit package 24 is then 
transported back into carousel 18, whereupon fur- 
ther incubation may take place for a period of time, 
or the reagent package may be scheduled for 
30 analysis by detector assembly 19. 

Insofar as the present invention is useful for 
analyzing samples in many different forms, detec- 
tor assembly 19 may be provided in a variety of 
different configurations and functions. Many of 
35 these different types of analyses were mentioned 
above. One embodiment of the present invention 
includes a detector assembly 19 which uses the 
principle of light energy for conducting the analy- 
sis. For example, the reaction mixture in receptacle 
40 38 may contain fluorescent mariners associated 
with one or more of the components of the sample 
under investigation, A light source, such as an 
incandescent lamp, laser or the like, is provided in 
conjunction with detector assembly 19 to direct light 
45 energy into receptacle 36 containing the reaction 
mixture. As pointed out above, receptacle 36 is at 
the outermost end of slot 90 in carousel 18 so that 
receptacle 36 is presented in front of detector 
assembly 19. As light from detector assembly 19 
50 shines through receptacle 36. the fluorescent mark- 
ers in the mixture become excited, and a fluores- 
cence emission occurs. Detection of this fluores- 
cence by an appropriate fluorescence detector, 
such as a photomultiplier tube or the like, permits 
55 the determination of the quantity of a characteristic 
substance which is present in the sample under 
analysis. This type of detector assembly facilitates 
fluoroimmunoassays (FIA) and immunofluorometric 
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assays (IFMA). Different detectors which measure 
light absorption may also be used in the apparatus. 
Of course, other assays may be carried out in the 
present invention, particularly with the use of light 
energy for conducting the analysis. For instance, 
nephelometry may be performed by changing the 
fluorescence detector to a light scatter detector 
within the detector assembly. It is appreciated that 
the type of detector assembly for use in the 
present invention may be selected so as to impart 
sufficient flexibility for many different types of as- 
says compatible with the present invention. 

Regulation of some operative functions of the 
present automatic random access analyzer is con- 
trolled by a computer program 101 as illustrated in 
- Rg. 6. This computer program and the associated 
computer functions are included in the electronics 
20 of the apparatus. It is the purpose of computer 
program 101 to provide an interface into the appara- 
tus through which it is possible to define the ac- 
tions required to process a sample of any particular 
chemistry type. By virtue of this interface, assays 
may be formatted for regulating the actions of 
liquid transfer station 16 for transferring liquid into, 
out of or among the receptacles of reagent pack- 
age 24. As a result of computer program 101 and 
the interface which it provides, the laboratory tech- 
nician is free to concentrate on the biological and 
chemical components of the assay definition, since 
the apparatus automatically manages the mechani- 
cal and electrical functions for carrying out the 
assays. 

As illustrated in Rg. 6, assay data is stored in 
data files of computer program 101, and may be 
subsequently retrieved for performing the tests. 
This stored data, identified by numeral 102, include 
the mechanical assay requirements such as the 
control of electro-mechanical devices, the timing 
requirements of those devices, reagent package 
configurations, and other such requirements. In ad- 
dition to stored data, other data (calibration values, 
standard values, default control, etc.) may be en- 
tered via the keyboard (not shown) associated with 
the random access analyzer for interface with com- 
puter program lOL Data to be entered, designated 
by numeral 104, may include chemical assay re- 
quirements such as liquid types, liquid locations 
(i.e., different receptacles), liquid volumes, transfer 
requirements and the like. It is also feasible to 
employ a button or switch as a "GO" control for 
either STAT or normal operation. 

When the present random access analyzer re- 
ceives a reagent package including a liquid sampie 
of any particular chemistry type, the bar-code label 
information is read and fed to the electronics for 
processing by computer program 101. By retrieving 
stored data 102 and relying upon STAT or normal 
data 104, a determination is made as to what ac- 



tions need to be performed to properly process the 
liquid sample. This procedure includes the exami- 
nation of one or more assay templates 105, each of 
which contains a list of action blocks 106. To pro- 
5 cess a liquid sample of any particular chemistry, 
the analyzer performs the actions indicated by 
each action block in the corresponding assay tem- 
plate. It is preferable to commence the first action 
in each action block after an indicated incubation 
10 period, if any, has passed subsequent to comple- 
tion of the previous action block. Along these lines, 
it is also preferable to separate each pair of action 
blocks in an assay template by an incubation time. 
Action blocks 106 include a list of actions to be 
75 performed by the analyzer along with- the time that 
each action is to begin. In addition, multiple assay 
templates may specify the same action block. For 
example, since it is contemplated that all, or most, 
of the reagent packages would have one of its 

20 receptacles analyzed by detector assembly 19, 
most of the assay templates specify the same final 
action block, i e , the detection block. 

Other action blocks include the movement of 
each reagent package into the different positions 

25 within the liquid transfer station, the movement of 
the package into and out of the carousel, position- 
ing of a reagent package adjacent the detector 
assembly, and transportation of a reagent package 
back into the rack after the analysis has been 

30 completed. Assay templates 105 and action blocks 
106 also control the various transfers of liquids into, 
out of and among the receptacles of a reagent 
package, in accordance with chemical assay re- 
quirements 104 for the analysis of a sample of a 

35 particular chemistry type. 

Included in the present automatic random ac- 
cess analyzer is another computer program, or a 
subroutine of program 101. associated with electron- 
ics 20 and the operative elements of the analyzer. 

40 for scheduling the sequence of events carried out 
by the analyzer. Rg. 7 represents one embodiment 
of a flow chart of a scheduler program 110 for 
determining the sequence that reagent packages 
pass, in any order and in any direction, between 

45 the rack, the liquid transfer station, the incubation 
storage area and the detector assembly within the 
present automatic random access analyzer. Sched- 
uler program 110 is responsible for examining all of 
the actions, required to complete the processing of 

50 the samples which are currently in the apparatus, 
and arranging them into a sequence which at- 
tempts to use the capabilities of the apparatus in 
an efficient manner. To achieve such an orderly 
anrangement, the scheduler is programmed to reg- 

55 ulate the movements of different reagent packages 
to and from the various stations of the analyzer. 
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As the first step of the scheduler program, an 
examination Is made to determine whether there 
are reagent packages, having samples to be ana- 
lyzed, presently positioned in the apparatus and 
which need to be scheduled. If there are no new 
reagent packages in the apparatus, the scheduler 
takes no action. When new reagent packages are 
detected, the following actions are taken In accor- 
dance with the preferred scheduling format: 

a. all the reagent packages in the current • 
schedule on which no actions have started are 
recognized along with new reagent packages in the 
apparatus; 

b. the total number of reagent packages 
which need to be scheduled are then identified; 
and 

c. the identified reagent packages are - 
scheduled. 

In accordance with the preferred embodiment 
of the present invention, reagent packages are - 
scheduled with the following priorities: 

a. no analyses of samples in stored reagent 
packages presently underway are to be aborted; 
processing for reagent packages which already 
have been started is continued in interrupted fash- 
ion; 

b. Stat (immediate) samples in reagent pack- 
ages are scheduled before all other samples; and 

c. reagent packages which have been in the 
apparatus for longer than a certain length of time 
are scheduled before reagent packages which re- 
cently have been added. 

Each of these priority groups of samples in 
reagent packages is extracted, by the computer 
program, from the total number of- samples to be - 
scheduled. Within each group, the more complex 
samples are placed into the schedule prior to the 
simpler samples. Complexity is preferably deter- 
mined by the number of processing or action 
blocks (such as action blocks 106 described in 
conjunction with Rg. 6) required to process the 
sample. For instance, samples with multiple action 
blocks are scheduled prior to the simpler one or 
two action block assays. Scheduler 110 extracts all 
of the samples from the group that have exactly N 
action blocks associated with them, with N set to 
the maximum number of blocks that may occur, as 
seen in Rg. 7. A resulting list of samples is des- 
ignated as a schedule plan. The schedule plan Is 
placed into the schedule. N is decremented by 
one. and the process is repeated until all of the 
samples in a priority group have been placed in the 
schedule. 

To perform the scheduling of a schedule plan, 
the plan is first sorted into scheduling order. Within 
a plan, the reagent packages with samples having 
shorter incubation periods are scheduled prior to 
samples having longer. incubation periods. Samples 
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are sorted into the scheduling order, and placed 
into the schedule one at a time until all the sam- 
ples in the plan are scheduled. For placement of a 
sample into the schedule, scheduler 110 makes use 
5 of an expedient referred to as a schedule pointer. 
This pointer contains the number of the time block 
at which the first process block of the sample 
should be started. The schedule pointer is reset to 
point to the first free time block in the schedule at 

70 the start of each priority group. In scheduling a 
single sample, scheduler 110 attempts to fit the 
sample into the schedule at the point indicated by 
the schedule pointer. If the sample does not fit at 
that point, the schedule pointer is incremented by 

75 one. This process is repeated until the sample fits 
into the schedule. After fitting the sample into the - 
schedule, the schedule pointer is incremented by 
N, representing the number of action blocks in the 
most recently scheduled sample. When all samples 

20 have been scheduled, the functions of scheduler 
program 110 are completed. The time interval be- 
tween successive executions of scheduler program 
110 may be preset or may be varied according to 
choice of the operator depending upon the tests to 

25 be conducted. 

Thus, the present invention provides an auto- 
mated analytical apparatus for the analysis of sam- 
ples on a totally random access basis. The present 
invention provides a laboratory technician with con- 

30 siderable flexibility in conducting analyses of sam- 
ples of different chemistry types. Random access 
and regulation of the reagent packages of the 
present invention are handled on an automated 
basis with particular reliance on computer interface 

35 for minimizing manual activities. Since the samples 
to be analyzed by the present analyzer are in- 
cluded in an self-contained reagent package, con- 
struction of the present apparatus is greatly simpli- 
fied inasmuch as bulk liquid reagents are not re- 

40 quired as in presently available clinical analyzers. 

Claims 

4S I. An automated apparatus for analysis of sam- 
ples comprising: 

an introduction station for the placement of a rack 
containing a plurality of reagent packages, each 
package having a plurality of receptacles at least 

50 one of which includes a sample liquid, and at least 
one of which includes a liquid reagent for forming a 
reaction mixture with said sample liquid; 
a liquid transfer station for the transfer of liquid 
contained in one or more receptacles of a reagent 

55 package among the different receptacles of said 
one reagent package so that a reaction mixture 
may be formed; 

an incubation storage area for holding a plurality of 
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reagent packages which have passed through said 
liquid transfer station; 

a shuttle system for moving said rack so that each 
package therein is positlonable adjacent said liquid 
transfer station and for removing one of said pack- 
ages at a time from the rack and moving it into 
said transfer station and into said incubation stor- 
age area, said shuttle system being further oper- 
ative to move individual packages from the storage 
area into said transfer station and into said rack in 
the introduction station; and 
a detector for analyzing the reaction mixture con- 
tained in one of the receptacles of any of said 
packages for determining a characteristic of the 
sample. 

2. The apparatus of Claim I wherein said in- 
troduction station is a platform for holding an elon- 
gate rack having a plurality of slots aligned in 
substantially parallel arrangement along the longitu- 
dinal axis of said rack and wherein said reagent 
packages are removably positioned in said slots. 

3. The apparatus of Claim I wherein said liquid 
transfer station includes a dual-action pump for 
aspirating liquid from one or more receptacles of a 
single reagent package and for delivering said as- 
pirated liquid into one or more receptacles of said 
reagent package, whereby said transfer of liquids 
includes the mixing of said sample liquid and said 
liquid reagent to form a reaction mixture in at least 
one of the receptacles of said package, 

4. The apparatus of Claim 3 wherein said liquid 
transfer station includes a hollow tube having its 
lumen In fluid communication with said pump, said 
tube being operatively mounted in said liquid trans- 
fer station to move into and out of the receptacles 
of the package for the transfer of liquids. 

5. The apparatus of Claim 4 wherein said liquid 
transfer station further includes a reservoir in the 
fluid path between said tube and said pump for the 
temporary storage of liquid aspirated from one or 
more of said receptacles. 

6. The apparatus of Claim 5 wherein said liquid 
transfer station further includes a heater for heating 
the liquid in said reservoir. 

7. The apparatus of Claim 4 wherein said tube 
includes a liquid level sensor for sensing the level 
of liquid in any of the receptacles into which the 
tube is moved, 

8. The apparatus of Claim 4 wherein said liquid 
transfer station Includes an operative punch mem- 
ber having a sharp point at its distal end for pierc- 
ing a thin protective cover sealed over open ends 
of one or more receptacles of the reagent package 
to thereby gain entry into such receptacles. 



9. The apparatus of Claim 5 wherein said liquid 
transfer station further comprises rinsing means in 
fluid communication with said tube and said reser- 
voir for passing rinsing liquid therethrough for 

5 cleaning purposes. 

10. The apparatus of Claim I wherein said liquid 
transfer station further includes a withdrawal pump 
for withdrawing waste liquid from one or more 
receptacles of said package and delivering said 

10 waste liquid to a waste collection area. 

11. The apparatus of Claim I which further in- 
cludes a device for automatically obtaining test- 
related information from the reagent package prior 
to the transfer of liquids with respect to the recep- 

75 tacles thereof, 

12. The apparatus of Claim II wherein said de- 
vice is a bar-code scanner for electro-optically 
reading a bar-code label on a reagent package, 
said apparatus further including means for process- 

20 ing said label information obtained by the bar-code 
scanner for performing the analysis of the sample. 

13. The apparatus of Claim 12 wherein said 
processing means includes means for electro-opti- 
cally reading a set marker associated with said 

25 rack for identifying the set according to which the 
reagent packages are positioned in said rack and 
for performing the analyses in accordance with said 
set. 

14. The apparatus of Claim 13 wherein said 
30 processing means controls the order that individual 

reagent packages, grouped by set. are transported 
by said shuttle system from the rack to the liquid 
transfer station. 

15. The apparatus of Claim 14 wherein said 
35 processing means is operative to read more than 

one set marker on a given rack and to perfonm 
different analyses according to the different sets. 

16. The apparatus of Claim I wherein said shut- 
tle system Includes a first drive mechanism to 

40 incrementally step said rack positioned in said in- 
troduction station so that any one of said reagent 
packages is positionable adjacent said liquid trans- 
fer station. 

17. The apparatus of Claim 16 wherein said 
45 drive mechanism is operative to step said rack 

translatlonally, In either direction, across the en- 
trance to said liquid transfer station, said shuttle 
system further including a second drive mecha- 
nism operative in a direction substantially perpen- 

50 dicular to said first drive mechanism for removing 
one reagent package at a time from said rack and 
transporting said package to said liquid transfer 
station and said incubation storage area, and in the 
reverse direction back to said rack. 

55 18. The apparatus of Claim 17 wherein said 

second drive mechanism and said liquid transfer 
station cooperatively include means for maintaining 
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the reagent package in substantially movement- 
free position when such package is in said liquid 
transfer station. 

19. The apparatus of Claim 18 wherein said 
maintaining means includes a spring-biased wall 
engageable with said reagent package for maintain- 
ing the position of said package in the iiquid trans- 
fer station. 

20. The apparatus of Claim I wherein the in- 
cubation storage area includes a rotatable carousel 
having a plurality of radially extending slots for the 
receipt of said reagent packages transported there- 
to by said shuttle system. 

21. The apparatus of Claim 20 wherein said 
carousel is rotatable in clockwise and counter-cloc- 
kwise directions to either accept from or deliver to 
said shuttle system the reagent packages. 

22. The apparatus of Claim 20 wherein rotation 
of said carousel for accepting or delivering reagent 
packages is regulated by control means. 

23. The apparatus of Claim 20 wherein said 
carousel is in a temperature-controlled environment 
for incubating the reagent packages. 

24. The apparatus of Claim 23 wherein said 
environment is an air bath maintainable at a rela- 
tively constant temperature. 

25. The apparatus of Claim I which further 
includes means for positioning individual reagent 
packages adjacent to said detector so that one 
such package at a time may be analyzed thereby, 

26. The apparatus of Claim 25 wherein said 
detector includes a light source for directing light 
energy into one of the receptacles of the reagent 
package which contains the reaction mixture for 
analysis. 

27. The apparatus of Claim 26 wherein said 
detector includes at least one means for receiving 
light associated with the receptacle into which light 
energy is directed and for associating said re- 
ceived light with a characteristic of the sample 
under analysis. 

28. The apparatus of Claim I which further 
includes assay formatting means associated with 
said liquid transfer station for regulating the actions 
of said liquid transfer station for transferring liquid 
into, out of or among the receptacles of a reagent 
package. 

29. The apparatus of Claim 28 wherein said 
fonmatting means includes one or more control 
mechanisms for recognizing the type of liquids 
contained in each package, the location of such 
liquids, the volumes of liquid in the receptacles and 
the transfer requirements into, out of or among the 
receptacles 
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30. The apparatus of Claim 29 wherein said 
control mechanisms include a computer program 
into which information regarding said liquids Is stor- 
able, retrievable, usable or changeable for analysis 

5 of the sample. 

31. The apparatus of Claim 1 which further in- 
cludes scheduling means for detennining the se- 
quence that reagent packages pass, in any order 
and in any direction, between the rack, the liquid 

10 transfer station, the incubation storage area and the 
detector. 

32. The apparatus of Claim 3! wherein said - 
scheduling means includes means for determining 
when reagent packages are introduced into the 

75 apparatus, for recalling information about reagent 
packages previously introduced into the apparatus 
and for scheduling a sequence for processing the 
identified reagent packages according to pre-pro- 
grammed priorities. 

20 33, The apparatus of Claim 32 wherein said • 
scheduling means is pre-programmed to schedule 
processing of reagent packages in the following 
order, or priority: 

a. reagent packages on which processing 
25 has started to be continued; 

b. specially designated reagent packages for 
immediate processing: 

c. reagent packages which have been in the 
apparatus longer than a pre-determined time and 

30 on which processing has not begun; and 

d. reagent packages recently introduced into 
the apparatus. 

34. The apparatus of Claim 33 wherein reagent 
packages of more complexity within each listed - 

35 scheduling category are scheduled with a higher 
priority, complexity being determined by the num- 
ber of processing steps to process any reagent 
package. 

35. The apparatus of Claim 34 wherein said - 
40. scheduling means accords a higher priority to a 

reagent package, within each listed scheduling 
category, which has a shorter incubation period 
than other packages in the same scheduling group. 

36. The apparatus of Claim 35 wherein said - 
45 scheduling means includes a computer program 

into which information regarding said scheduling is 
storable. retrievable, usable or changeable for ana- 
lysis of the samples. 

37. An automated analytical apparatus compris- 

50 ing: 

means for receiving a plurality of reagent packages 
each having a plurality of receptacles at least one 
of which includes a sample liquid, and at least one 
of which Includes a liquid reagent for fonming a 
55 reaction mixture with said sample liquid; 

means for transferring liquid contained in one or 
more receptacles of a reagent package to a dif- 
ferent receptacle thereof, whereby a reaction mix- 
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ture may be formed: 

detector means for detecting a characteristic of the 

sample by analyzing the reaction mixture contained 

in one of the receptacles of a package; 

means for storing a plurality of reagent packages; s 

and 

means for transporting individual reagent packages 
in any order and in any direction between the 
means for receiving, the means for transferring 
liquids the detector means and the means for stor- 10 
ing. 

38. An automated analytical apparatus compris- 
ing: 

means for transferring at least one liquid from a 
receptacle in a package to mix same in a recepta- 15 
cle of said package to form a reaction mixture; 
means for detecting a characteristic of the sample 
by analyzing the reaction mixture in a receptacle of 
said package; 

means for storing a plurality of packages; 20 
means for transporting individual packages in any 
order and in any direction between the means for 
transferring, the detecting means and the means 
for storing; and 

control means for regulating the order and direction 25 
of transport of individual packages and for transfer- 
ring the liquids from said receptacles of any one 
package to form the reaction mixture. 

39. An automated apparatus for analysis of 
samples comprising: 

an introduction station for the placement of a rack 
containing a plurality of reagent packages, each 
package having a plurality of receptacles at least 
one of which includes a sample liquid, and at least 
one of which includes a liquid reagent for forming a 35 
reaction mixture with said sample liquid; 
a liquid transfer station including a dual action 
pump for aspirating liquid from one or more recep- 
tacles of a single reagent package and for de- 
livering said aspirated liquid into one or more re- 4o 
ceptacies of said reagent package, said transfer of 
liquids including the mixing of said sample liquid 
and said liquid reagent to form a reaction mixture 
in at least one of the receptacles of said package; 

45 



a device for automatically obtaining test related 
information from the reagent package prior to the 
transfer of liquids with respect to the receptacles 
thereof; 

means for processing said obtained information for 
performing the analysis of the reaction mixture, 
said processing means including means for reading 
a set marker associated with said rack for identify- 
ing the set according to which the reagent pack- 
ages are positioned in said rack and for performing 
the analyses in accordance with said set and fur- 
ther including assay formatting means associated 
with said liquid transfer station for regulating the 
actions of said liquid transfer station for transferring 
liquid into, out of or among the receptacles of the 
reagent package; 

an incubation storage area including a rotatable 
carousel having a plurality of radially extending 
slots for the receipt of said reagent packages trans- 
ported thereto, said carousel being in a 
temperature-controlled environment for incubating 
the reagent packages; 

a shuttle system for moving said rack so that each 
package therein is positionable adjacent said liquid 
transfer station and for removing one of said pack- 
ages at a time from the rack and moving it into 
said transfer station and into said carousel, said 
shuttle system being further operative to move 
individual packages from the carousel into said 
transfer station and into said rack in the introduc- 
tion station: 

a detector including a light source for directing light 
energy into one of the receptacles of the reagent 
package which contains the reaction mixture for 
analysis and further including means for receiving 
light associated with the receptacle into which light 
energy is directed and for associating said re- 
ceived light with a characteristic of the sample 
under analysis: and 

scheduling means for determining the sequence 
that reagent packages pass, in any order and in 
any direction, between the rack, the liquid transfer 
station, the carousel and the detector. 
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© Automatic random access analyzer. 

© An automated analytical apparatus (10) com- 
CO prises an introduction station (14) for receiving a 
^plurality of reagent packages (24). Each package 
{^(24) has a plurality of receptacles (36, 38, 39, 40. 41. 
042), at least one of which includes a sample liquid to 
Obe analyzed, and at least one of which includes a 
ff) liquid reiagent for forming a reaction mixture with the 
<N sample liquid. A liquid transfer station (16) is in- 
^eluded for transferring liquid contained in one or 
dt^ore receptacles of a reagent package (24) into, out 
Q^of or among different receptacles thereof, including 
yjthe formation of the reaction mixture. A detector 
(19) is provided for detecting a characteristic of the 
sample by analyzing the reaction mixture contained 



in one of the receptacles of a package (24). A 
storage area (18) is included within the apparatus for 
storing a plurality of reagent packages (24). A shuttle 
system (15) transports individual reagent packages 
(24) In any order and in any direction between the 
introduction area (14), the liquid transfer station (16). 
the detector (19) and the storage area (18). 
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